The authors review 60 children who presented with craniopharyngiomas. Patients were treated by either 1) cyst aspiration followed by deep x-ray therapy (DXT), 2) radical excision, 3) incomplete tumor excision, or 4) incomplete excision followed by DXT. Symptomatic clinical recurrence signified failure of treatment. Of the patients treated by cyst aspiration and DXT, 50% experienced recurrence (mean time after treatment, 4.4 years), while recurrences occurred in 23% undergoing radical excision (mean time, 2.4 years). Symptomatic recurrences occurred in 78% treated by incomplete removal only (mean time, 2.2 years). No recurrences have occurred in seven patients whose incomplete removal was followed by DXT. The authors conclude that radical excision is most likely to produce survival free of recurrence. When radical excision is not possible, DXT appears to provide an additional effect on preventing tumor regrowth. Characteristics of craniopharyngiomas favoring radical excision are also discussed.
T
HE benign microscopic appearance of craniopharyngiomas belies their malignant clinical behavior in childhood. These extracerebral tumors often insinuate themselves into adjacent structures, making operative removal hazardous and often incomplete. In spite of this growth pattern, the availability of exogenous hormones has stimulated some surgeons to attempt radical removal of these tumors. 1,7 Others, mindful of the dangers of operation and encouraged by the apparent responsiveness of craniopharyngiomas to x-ray therapy, have advocated limited surgical resection followed by radiotherapy? At the Hospital for Sick Children, Great Ormond Street, London, both attempted radical excision and limited resection combined with radiotherapy have been used to treat children with craniopharyngiomas. In the present study we have reviewed this experience in order to identify the most effective treatment for these tumors and to isolate factors that correlate with good outcome.
Clinical Materials and Methods
The hospital records and follow-up examinations of children with craniopharyngiomas treated at the Hospital for Sick Children between 1953 and 1974 were reviewed. Radiographs were correlated with operative and pathological findings to define the size and character of individual tumors.
Children were treated primarily by one of four modalities: 1) cyst evacuation through a burr hole followed by deep x-ray therapy (DXT); 2) gross total tumor excision; 3) incomplete tumor resection without DXT; and 4) incomplete tumor removal with DXT. The majority of operations were performed by two of us (K.T., D.N.G.). When radiotherapy was used, it was delivered to a total dose of 4000 to 5500 rads. Where tumor tissue was not obtained, and thus histological diagnosis was lacking, the presumptive diagnosis of craniopharyngioma was based on the typical radiographic appearance of a tumor, usually with a fluid-filled cyst containing increased cholesterol. Attempted radical removal was carried out through a subfrontal exposure of the tumor following the techniques outlined by Matson and Crigler3 The completeness of tumor removal was determined by the operating surgeon and the presence or absence of residual tumor on postoperative x-ray studies. When residual calcification was found on postoperative skull radiographs, the operation was classified as an incomplete removal. As this is a follow-up study, patients who did not complete their course of therapy, that is, those who died after their operations or during radiotherapy, were excluded from the study.
Following discharge from the hospital, the patients were followed closely by the consultant neurosurgeons, ophthalmologists, and pediatricians, Failure of treatment was defined as symptomatic recurrence of the tumor. Those patients whose craniopharyngiomas were totally removed were classified as failures of treatment when they had tumor demonstrable on post-discharge x-ray studies regardless of whether the recurrence was symptomatic. Four patients, initially treated by attempted cyst aspiration and DXT, later underwent attempted radical excision; they were then considered new patients for this treatment. Life tables were constructed for all treatment modalities to record the time free of clinical recurrence.
Summary of Cases
Thirty-five males and 25 females with craniopharyngiomas completed their course of therapy at the Hospital for Sick Children between 1953 and 1974. Four patients who died after cyst tap or before completing x-ray therapy (18% mortality) and three who died after attempted radical removal (8% mortality) were excluded from this follow-up study. The mean age at presentation was 7.2 years; the mean duration of symptoms was 1.3 years. While the majority had no neurological deficit other than visual field deficits, 12 patients had asymmetric reflexes or hemiparesis. Regardless of treatment allocated, 67% of this small subgroup of children died or progressed to have major neurological deficits shortly after their treatment. As seen in Fig. 1 , the majority of patients treated before 1963 had drainage of the cystic portion of their tumor followed by DXT. After 1963, radical removal of the tumor was attempted in most patients. Table 1 shows that both groups had a similar mean age and duration of symptoms. The mean follow-up period for patients who survived their initial treatment was 7.3 years. Those treated with drainage of the cyst and DXT, a group treated before 1963, were followed longer (mean 9.4 years), than those treated by attempted radical removal (mean 6.8 years).
Twenty-three of the 60 children who survived treatment experienced recurrence of their tumor. There was no correlation between the age at initial presentation and the size of tumor or time of recurrence. In 11 of 22 children treated with limited surgery plus DXT, and in seven of nine with incomplete removals not treated with DXT, residual tumors became clinically symptomatic. Tumors thought to be completely removed recurred in five of 22 patients ( Table 2) . None of the tumors treated with incomplete removal and DXT has recurred (the mean follow-up in this subgroup, 3.3 years, is too short for statistical significance). The mean time of recurrence after initial therapy for all treatment modes was 3.7 + 3.4 years. Those recurrences after attempted radical removal (gross total or partial excision) presented earlier (mean 2.2 + 1.7 years) than those recurrences after cyst drainage and DXT (mean 4.4 5:3.6 years). However, these differences were not statistically significant.
Survival free of tumor recurrence is shown in Figs. 2 and 3, which were constructed from life table analysis. Patients who had total excision of their tumors had a 74% chance of being free of clinical recurrence 8 years derwent partial excision followed by DXT. If the early promise of their improved survival following therapy is borne out, they could fairly be included in a category of "best treatment," which would consist of either radical excision or partial excision followed by DXT. When these figures are regrouped, as in Fig. 3 , there is an 85% chance of being free of recurrence at 8 years. When this group of "best treatment" is contrasted with that of cyst drainage and DXT, there is a significant difference between the two treatment modalities (chi square: p < 0.001).
In addition, when the patients receiving DXT after partial excision are separated from the group receiving partial excision only, this latter group has an unacceptably low chance of being free of clinical recurrence, as seen in Fig. 3 .
Thirteen of those surviving initial treatment died. Three of these deaths were not related to tumor recurrence, but rather to endocrine dysfunction (two patients) or seizures (one patient). Ten patients died either from their recurrences or during subsequent treatment of recurrences.
During this review, it was apparent that some tumor types were more amenable to treatment than others. We classified tumors as predominantly cystic, mixed (cystic and solid components), or predominantly solid. Lesions were further categorized according to their size, based on x-ray and operative findings.
The influence of the tumor type and its size on the ability to achieve radical excision is illustrated in Fig.  4 . Gross total removal was achieved in almost all of the predominantly cystic lesions, regardless of size. In contrast, the ability to achieve radical excision of mixed tumors, the majority in this series, was inversely proportional to size, with only 20% of tumors over 3 cm in diameter being amenable to radical excision. The small number of patients who had solid lesions makes it difficult to draw conclusions about this tumor type.
The type of tumor also appeared to influence recurrence. As shown in Fig. 5 , more than 50% of cystic tumors treated with drainage and DXT recurred, as compared to 10% of those treated by attempted radical removal. The recurrence rate in mixed tumors treated with drainage and DXT was almost 80%, and 40% in those who had attempted radical removal. Interestingly, there were no recurrences in those patients who had solid tumors treated by attempted radical excision and postoperative DXT. The number of patients in this last group is too small for this finding to be meaningful.
Finally, we correlated the relationship between tumor type and size and its effect upon recurrence in those patients treated by attempted radical excision (Fig. 6) . None of the cystic tumors that were resected completely recurred. One cystic tumor refractory to radical removal recurred. Mixed tumors under 3 cm in diameter did not recur if removed completely. None of the incompletely resected mixed tumors that were under 3 cm diameter became symptomatic; all of these were irradiated postoperatively. Of the tumors larger than 3 cm, 60% recurred, even when gross total removal had been achieved. The only patients without recurrences in this group were those who received postoperative radiotherapy.
Discussion
The treatment of craniopharyngiomas has been reviewed extensively by advocates of radical surgical extirpation and of limited operative removal followed by radiotherapy? ,6a Both groups have presented clinical data to support their enthusiasm. The present study reviews both forms of treatment, but is limited to the craniopharyngiomas of children under the age of 14 years. Since several authors have described a greater propensity for craniopharyngiomas to grow more rapidly and recur more frequently in children, ~,4 we thought it appropriate to consider this group of patients separately from their adult counterparts.
Symptomatic recurrence rather than survival was used as the end-point in this study for two reasons. First, since residual craniopharyngiomas are compatible with relatively long survival despite progressive neurological deficit, survival alone is inadequate as an index of therapeutic efficacy. Second, tumors that are malignant by virtue of their location should not be judged by criteria that preclude further treatment in the event of recurrence. Thus, the use of symptomatic recurrence as a criterion allows the physician to identify failure of treatment and select alternative modalities.
Since one of the goals of this study was to assess the efficacy of each modality used, we attempted to define as precisely as possible the treatment actually given each patient. In some operations the surgeon believed that he had achieved a complete removal of the tumor; however, immediate postoperative skull radiographs showed residual calcification. We interpreted this calcification as a sign of residual tumor, and classified these cases as "incomplete removals." Although this method lacks the sophistication of computerized tomography (CT), it did allow us to reclassify four socalled total removals, and perhaps more accurately assess the effectiveness of therapy when a true total removal had been achieved. We believe that two patients classified as having "total removals" in this report would have been reclassified as "incomplete excisions" had CT been available.
The plain skull radiographs used in this study to help identify symptomatic recurrences are not as sensitive as CT. Indeed, several patients had early premonitory, albeit vague, symptoms that only later became advanced enough to lead to definitive neuroradiological studies. It is likely that several of the recurrences recorded may have "occurred" earlier had CT been available.
Our review shows that 50% of patients who undergo limited surgery followed by DXT will have clinically symptomatic recurrences, with the majority recurring within 6 years after treatment. Although these recurrences form the end-point in our study, they do not necessarily herald the patient's death. Two patients with symptomatic recurrences after cyst tap and DXT had radical removal of their tumors and were free of tumor at later study. Others, however, were not so fortunate, for they underwent repeat cyst drainage, but later recurrences led to their death. Although the decompression afforded by cyst drainage may have been important in the early stage, the delayed recurrence when compared to those treated by incomplete tumor removal alone suggests that surgical decompression was not the major factor in their prolonged improvement after their initial treatment. Since the patients treated by attempted radical removal had earlier recurrences than those treated by drainage and DXT, it is probable that radiotherapy does offer some therapeutic benefits. As noted in Fig. 4 , this advantage is most apparent in patients with predominantly cystic tumors. A longer follow-up period may show whether incomplete removal and DXT is superior to drainage and DXT.
When the results of cyst drainage followed by DXT are contrasted with those of gross total tumor removal, the latter is clearly more effective at this institution. Even comparing the recurrence rate of attempted radical excision (complete and incomplete removal) of 32% with that of cyst drainage with DXT (50%), the former therapy appears better.
The recurrence rate of 23% in patients with gross total tumor removal is similar to that reported by Katz 5 with a similar mean time of clinical recurrence. It is possible that with a longer follow-up period, more recurrences will become symptomatic in patients with radical removal. In two patients treated with complete excision who died from other causes, autopsy examinations showed no signs of tumor recurrence. These limited observations suggest that when total removal is achieved, its effect may be long-lasting.
Although the goal of therapy appears clear to us, that is, complete removal of the craniopharyngioma, this goal was achieved in only 58% of our patients. The character of the tumor clearly plays a role in the ability to remove the craniopharyngioma; mixed character tumors larger than 3 cm in diameter are almost refractory to complete removal. It is not clear whether these tumors incite a more active gliotic reaction than others, 8 or whether they adhere to surrounding vital tissues, making radical removal unwise. In the few lesions of this size and character thought to be totally removed, their early recurrence suggests that the surgeon may have been unable to see extensions of this tumor left in situ. The best method of treating these patients is far from clear. Of the seven patients treated by incomplete removal and DXT, five had mixed tumors of a size greater than 3 cm. The preliminary observation that none of these tumors has become clinically symptomatic suggests that when complete removal is not possible, the residual tumor should be radiated. Since this mode of therapy was used only recently, these results are at best preliminary.
Of interest was the differing results achieved for predominantly cystic tumors between our series and Matson's patients. At the Hospital for Sick Children, the cystic tumors were most amenable to radical excision and did not, for the most part, recur. In contrast, Katz 5 found that these lesions were most apt to recur and often not amenable to radical removal.
At the Hospital for Sick Children, London, attempted radical removal of craniopharyngiomas has an operative mortality of 8% with at least a 23% recurrence rate. Although these results are better than those achieved for a comparable group treated with limited surgical extirpation and DXT, it would appear that a dogmatic approach toward treatment may often overlook benefits afforded by a combination of the various modalities. We believe that the goal of treating these tumors should be attempted radical excision; when this goal cannot be achieved safely, radiotherapy offers an additional salutory factor and should be used in treating craniopharyngiomas of childhood.
